Design for Disassembly and Recycling
Dismantling and recycling are increasingly important in the majority of the industrialized countries because of the increase of amount of products put in discharge. The dismantling of the worn products is regarded as necessary for a recycling economically viable with current technologies of reprocessing. The purpose of DfD is to integrate the constraints of product dismantling in order to facilitate its treatment at the end of the life: extraction of components or modules being able to be re-used, of dangerous substances in order to be able to treat them specifically, of the components to incinerate… dismantling makes it possible to be able to achieve the goal of "recycling" and supports also the taking into account of other scenarios of valorization, in particular the re-use of components or subsets. The transformation of the products at the end of the lifetime for the re-use of the components and the valorization of the secondary materials and energy saving, constitute a means of limitation of the environmental issues but also an economic and social development strategy. To reach this challenge, several research showed the need for breaking up the products upstream to every process of valorization. The study of Haoues (2006) focused on the contribution to the integration of dismantling and recycling constraints as of the first phases of products development process. A model made up of minimal data from which the disassemblability as soon as possible in the process of design can be defined: this sequence of dismantling is used thereafter as reference for the phase of detailed design. So that a component is disassembled of a product at the end of life, Haoues (2006) considers that three conditions must be checked:
 Valorisability: This first condition depends primarily on materials constitutive of the component,  Accessibility: It is the condition which depends essentially on the structure of the product and on the dimensions around valorisables components,  Separability: This condition depends primarily on the types of joints between components. Indicators of dismantling assessment for valorization were also elaborate: Material Indicator, Structural Indicator and Connection Indicator corresponding respectively to the condition of valorisability, accessibility and separability. In addition to the engineering problems of dismantling presented above, there exist critical problems on the "back system": tools, the time of dismantling and then the costs (labor, industrial equipment, energies etc). Das (2000) indexes the costs relating to the treatments and dismantling process: (1) collection; (2) sorting; (3) product handling; (4) disassembly training for the workers; (5) disassembly; (6) treatment of the parts and materials.
Design for Remanufacturing: What performances can be expected?
It is noted that "Design for Disassembly" and "Design for Recycling" have common parts. In entry, the use of the recycled materials reduces the quantity of necessary materials. In Output, the recycling of non-desired production and scrap reduce the quantity of waste resulting from the production process or of energy consumption. Coppens (1999) proposed the integration of a tool specialized in the design process, to take into account the recycling constraints for vehicles end of the life (VHU) . If recycling appears tempting, it has should be considered additional cost and impact indeed the consumption of energy cannot be decreased effectively because additional energy is used in the processes of the recycling of materials. Economically, recycling decreases the benefit of the companies because of the additional costs due to the process of recycling. Consequently, simple recycling could not be a good strategy for some product end-of-life (Umeda, 2000) .
Design for Modularity
"Design for Modularity" is an approach aiming at subdividing a system in smaller parts which can be created in an independent way and then used in various systems. In addition to the reduction of the costs, the modularity offers flexibility in the design (the addition of new technical solutions).
The literature on the topic shows that strong competition on the market pushed the companies to design a larger variety of products to satisfy the customers' needs. However, the frequent variations of product specifications lead to an assembly and a dismantling of the components and modules increasingly complicated. In the study of Tseng (2008) , were added to the graph of the connections some attributes allowing the designers to characterize the connections between components during the design process. With a genetic algorithm, it is then possible to gather the components, to consider their modifications taking into consideration need for the modular concept (Tseng, 2008) . Kimura (2001) proposes a modular design method which takes account of the successive generations of products based on common functionalities and similar life cycles. Umeda and Al (2008) consider that the modular concept is important to improve the design of life cycle, for example, maintainability, upgradability, reutilisability and recyclability. They propose a modular design methodology which rises from the structure of the modules based at the same time in the characteristics of the life cycle and geometrical information. Considering the whole life cycle of a product, the components which undergo the same life cycle should be gathered in a module. These modules can then undergo maintenance and processes of recycling without disassembling. That led to an easy management of the components throughout the life cycle and to the reduction of the environmental impact and the costs of logistics and recovery. But the modular concept implies also constraints. A module must be made up of elements belonging to the same group. The violation of this constraint can radically destroy the advantages of the modularity, such as the desassemblability, the reutilisability, and the recyclability. Moreover, one module should not be geometrically surrounded by components belonging to another group; if not, the element cannot be extracted without dismounting the module; this violation of this constraint reduces also the advantages of modularity (Umeda, 2008) .
Design for Remanufacturing
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The origin of Remanufacturing goes back to the World War II during which many products used were remanufactured in order to maintain the company in operating condition. During last decades, the concept and the activity of remanufacturing were largely spread in the industrial and academic fields. There exist various synonyms of the remanufacturing. Thus, in the sector of the remanufacturing of the automobile components, the term "rebuilding" or standard exchange is preferred. In the same way, the manufacturers of tires are called "retreaders", while the remanufacturer of toner cartridges regards himself as "rechargers" (Lund, 1996) . If the "rebuilding" of the product is not extensive, i.e., if only some parts must be replaced, the terms of Reconditioning/"refurbishing" is more suitable: the product is then only remanufactured with its original specification (Ijomah, 1999) . In the literature, we find a robust definition of the remanufacturing:
 "Remanufacturing is the process of restoring discarded products to useful life." (Lund, 1996 )  "Remanufacturing is "The process of returning a used product to at least Original Equipment Manufacturer performance specification and giving the resultant product a warranty that is at least equal to that of a newly manufactured equivalent." (Ijomah, 2002) The industrial sector which has the most experience in the field of the remanufacturing is automotive industry (for example the clutch of car, the starter…) but more and more, the remanufacturing is propagated with other sectors, like those of the electrical appliance, toner cartridges, photocopiers, apparatuses, of the machine tools, cell phones etc. In the state of the art, we observe that the remanufacturing is currently mainly centered on the following aspects:
 The evaluation of the remanufacturability and the redesign of the product, concerning architectures, connections, joints, modules, materials etc., to facilitate the processes of remanufacturing (Van der Laan and Salomon, 1997) (Zwolinski2006) (Gray and Charter, 2007) (Ijomah, 2007) ,  Improvement of the processes of remanufacturing (dismantling, inspection, cleaning, reconditioning, re-assembly, etc.) in terms of technologies of treatment (dismantling, inspection, cleaning, reconditioning, re-assembly etc.), of equipment etc. (Lund, 1996) (Steinhilper, 1998) ,  Coordination between the remanufacturing and the business (functional sale, rent service, etc.). (Sundin, 2004) (Mont, 2002) (Mont, 2006) ,  Coordination between the remanufacturing and reverse logistics (Bras and Intosh, 1999 ) (Mont, 2006) (Lindahl, 2006) ,  Benefit analysis of the remanufacturing from economic and environmental point of view. (Kerr, 1999) (Ijomah, 1999) (Sundin, 2004) (Smith and Keoleian, 2004 ) (Kerr and Ryan, 2001 ). Many research in the field of the remanufacturing is focused on one or more abovementioned aspects. In all the connections, one of the most significant work is that of Robert Lund at the end of the years 1970 -beginning of the year 1980 which launched the debate around the benefit of the remanufacturing and the many aspects which must be considered including the selection of the products, the marketing strategy, the technology of reconditioning, the financial aspects, the organizational factors, and the legal considerations (Lund and Skeels, 1983) . Another researcher considered in this field, Steinhilper (1998) The engagement of the public authorities for a strategy privileging the remanufacturing must allow the development of new markets and job creation, 
The economists regard the market of the remanufacturing as having a strong potential, the companies engaged today in this way being regarded besides as "hidden champions" in industry,  For the consumers, the remanufacturing is not only more ecological, but also more economic because it is then possible to reach products with a technology updated with an affordable price.
"Design for remanufacturing" relates to not only the product but more largely the rendered service and can bring to reconsider the business model company. Gray and Charter (2007) identified the constraints to characterize the most useful methods "Design for "the X"" ("X" represents for example dismantling, cleaning, the inspection, etc.). In other work (Kerr and Ryan, 2001) , the concept of eco-effectiveness is used to evaluate the economic and environmental benefit remanufacturing. 
The democratization of the remanufacturing in industry runs up against obstacles because it has also constraints for the industrialist. The sensitive products to the change of tendencies and which evolve very quickly are little adapted to the remanufacturing because the users prefer the new products, it does not matter the quality and the cost of the alternative remanufactured. Practices such as the patents, the intellectual property laws and anti-competitive can also block the remanufacturing. For example, some manufacturers of printers designed their inkjet cartridges so that they are auto destructive when they are empty what prevents to them remanufacturing (Ijomah, 2007) . The processes of remanufacturing are difficult to manage because of uncertainties, like those on times and the operations of treatment or those on the choices of the quantity and the quality of the components to be recovered. Moreover, flows which feed the process of recovery are also unertain in quantity, quality, and terms of date (Van Nunen and Zuidwijk, 2004) . In a survey of the American car industry, Hammond and Al (1998) identified that the costs and the availability of the part (including the modules) are principal concerns for the remanufacturers. However in the last decade, the variety of the products increased significantly because of a faster development of products, of an exacerbated and mondial competition bringing to an increased segmentation of the product ranges, a personalization of product of mass production. That led to an increase in the variety and a reduction in volumes of the parts causing a lower availability of the parts of replacement. In other words, the problem of the availability and the replacement cost of part are strongly related to the problem of the diversity of the products. The remanufacturor must deal with small batches of products including a range of alternatives and generations, which complicates the operations of remanufacturing, the management of flows, and the evolution of the tools for dismantling and processes of assembly…
The problematic to assess the performance of the Design for Remanufacturing
The review of literature made here watch in particular that the methods Design for Remanufacturing have advantages in their capacity to take into account the needs for the designer (the DfX methods are structured around a mode of reasoning very close to that implemented by the designer) and to a lesser extent on economic dimension (the economic evaluations do not take into account the concept of multiples life cycle). They have however weaknesses on customer dimension (the DfX approaches in general regard the functionalities of the product as being fixed; a fortiori, they do not take into account the update of the functions which could take place on the second life cycle of the product and on the following cycles) like on environmental dimension (in the methods DfX, the environmental evaluations are generally centered on the reduction of waste; they seldom integrate a variety of environmental impacts categories what is a requirement for a rigorous work in eco-design). The continuation of the article aims at filling a lack of information on the performance of the remanufacturing (environmental and economic). Indeed, the study of the performances requires the taking into account of the number of life cycles of the product, of the number of remanufactured modules, the localization of the remanufacturing operations, the range considered, the number of center of regrouping… 
Modeling of the life cycle parameters
To model the various scenarios, we defined the parameters of the life cycle. Actually, there exist several alternatives of life cycles integrating the parameters of the "remanufacturing". For example the number of modules remanufactured, lifespan of the modules and the machine, the number and the distribution of grouping centers, the re-use of the modules in the same range or various generations of products, etc. To simplify the modeling of the product life cycle, we focused ourselves on the three principal parameters: the number of remanufactured modules (X), the number of cycles (N), duration of cycles (Z), and the place of the remanufacturing center (Y).
Parameter 1: Number of remanufacturable modules
The definition of the remanufacturables modules is based on multiple criteria: Technical feasibility -Environmental respect -Economic profitability. However before doing any evaluation, the modules, potentially remanufacturables must be given to build the various scenarios in order to choose the strategy which will answer the aims of the study. We chose, for the case study in the next paragraph, seven modules to combine the various scenarios of remanufacturing. By considering the level of disassembling, we built the  Case of remanufacturing in France and re-assembly in China: The modules extracted the remanufacturing are returned towards China and are reassembled with the new modules in the same center of assembly of the new machines in China.
Model for the environmental assessment
The modeling of a life cycle of a product whose certain modules are re-used once is carried out with SIMAPRO® thanks to functions REUSE and DISASSEMBLY. The modeling of several cycles of use using a LCA software is different starting from the second cycle: indeed starting from the second cycles the modeled system depends on the z S * 1 ; 0
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parameters imputed by the user according to the number of life cycles, of the end-of-life of the modules (re-use or recycling) or of the logistic scenario (Tchertchian, 2009 ). The systems modeled starting from the 2nd cycle are systems which in "theory" are manufactured without the modules that one wish remanufacture. Of course it is about a fantastic notion because in reality the re-used modules are assembled at the same time as the other components, but the impact of the manufacture of this module "is avoided" by re-using it. The coefficients α k : Recycling rate of material k and β m : Reuse rate of module m give an account of the materials transfers in a cycle and between two cycles. For example the material share which can be recycled in a cycle is reinjected in the following cycle as the transfer of material flow shows it in the diagram below Figure 4) . That relates to the modules which are not remanufacturables but also reusable modules whose the performance and quality standards are not respected. In order to have an analysis detailed on the whole of the life cycle, we initially broke up the multiple cycles into phases: Production, Distribution, Use and end-of-life. The method of calculating used is the Method Eco Indicator 99 for all simulations because it makes it possible to obtain a single score which simplifies interpretations (method CML added with 4 complementary indicators, whose results will not be presented, was used in order to bring an "objective" support additional and thus to consolidate the results obtained with the method indicating Eco 99). 
Model and assumptions for the economic assessment
The objective of this study is to evaluate the cost of end-of-life of machine. This cost covers all the reverse logistic process since the recovery from the customer until the final treatment (remanufacturing) of the machine. This study is based on the ABC method (Activity Based Costing) and it follows the following step. Initially, the identification of the principal activities which compose the reverse logistic process machines at the end of the contract; these activities were classified in four principal stages. Then, the resources mobilized by these activities are identified. Then, each resource to the activity, which consumes it, is assigned. Lastly, the activities developed with the cost price of the product end-of-life are assigned. The use of the method ABC would make it possible to calculate the real costs of the "remanufacturing" by distinguishing it from the costs of recovery of the other machines at the end of contract or the representatives of the failures. It would also make it possible to identify the consumer activities of resources and which affect the profitability of the "remanufacturing". In order to study the profitability of the remanufacturing from the life cycle point of view we chose modules as the remanufacturing level like limit of the phase of end-of-life. Beside the method ABC which allows a good indirect burden-sharing, we also carried out another calculation based the consideration of the wages charged which cover the majority of the indirect loads. An analysis of sensitivity which makes it possible to show the difference between the two methods of calculating was carried out at the end. Ten scenarios of calculation of the cost of end-of-life of the product were analyzed. The constitution of the scenarios was based on the variation of the number of modules with remanufacturer. In scenario 0, machine is sent directly from production/ remanufacturing center to the recycling center of without passing by any treatment. In the scenarios from 1 to 9 the machines are disassembled in order to recover the remanufacturables modules, the non remanufacturables modules are sent to the recycling center. As we underlined previously the comparison of the various scenarios should not be restricted with the end-of-life phase but it must be led from the complete life cycle point of view. For this reason we constituted three different scenarios of life cycle by varying the configuration of supply chain and reverse supply chain. It is considered that the supply chain deals with the life cycle of the new machines (1st cycle) while the reverse supply chain treats the life cycles of the remanufactured machines (2nd and 3rd cycles). The supply chain and the reverse supply chain are made up of the five following phases: Provisioning -assembly or re-assembly -distribution -use -end-of-life.
Each of the three supply chain scenarios comprises the ten sub-scenarios of end-of-life treated previously. The costs of the sub-scenarios of remanufacturing as their profits compared to sub-scenario WEEE were modeled on two and three life cycles. Below we define the modeling of the costs and the profits for the various scenarios by 
Definition of the remanufacturables modules
For this study, the modules (regrouping of components fulfilling a function) were evaluated according to the criteria above in order to select the modules most suited to a remanufacturing:
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 Lifetime and reliability  Easy to disassembly  Easy to repair  Modules cost  Modules with high value added  Extraction + Manufacture impact  End-of-life cost (recycling, incineration, discharge, etc.)  End-of-life impact (recycling, incineration, discharge, etc.) According to these criteria we made a preselection of seven modules out of 12 on the whole. We then will analyze the interests of the remanufacturing module by module. The product analyzed is a franking machine. The product is composed by 11 modules which 7 are considered as reusable
Definition of life cycle scenarios
The modeling of life cycle scenarios in the preceding paragraph makes it possible to model a total of 72 scenarios while varying the number of modules remanufactured the number and the duration of cycles and the localization of the centers of remanufacturing. The two examples below make it possible to give an account of logistic flows and material flow for a remanufacturing center located in France/China and for 2 or 3 cycles: 
Environmental assessment
WEEE regulation for the valorization of the electronic devices of categories 2 (small household appliances) recommends a valorization of the machine to a total value of 75%, when one speaks about valorization it is necessary to take into account recycling, the recovery of parts but also the energy recovery (which consists in recovering the heat released by the combustion of waste). Modeling of WEEE scenario takes into account only the recycling of materials: Steel, plastics, aluminum and copper. The extraction + Manufacture phase is more impacting, accounting for 62.3% of the impacts for a 4 years life cycle. With the method Eco-indicator 99, the total environmental impacts (single score) for the Extraction + Manufacture phases are obtained by incorporating the impacts from the various indicators. Obviously, the five electronic modules (the interface, the food, the modem, the mother chart and the module of print) are more impacting. For these five modules, the major part of the impact concentrates on the category "Fossil fuels" (the greenish yellow part on Figure 8 ) Figure 9 show also the intensity of the impacts for each module connected to its weight. Highest a mass impact of 227.8 point per kilo for the mother chart reaches. The summary of the results (Figure 10) shows that more the modules are remanufactured, less the generated environmental impact is important. In general the scenario of 3 4 years cycles, remanufacturing of 7 modules in France is optimal. In this scenario, the seven modules generate 98.0% of impact of the complete machine. Two re-uses out of three cycles for these seven modules bring a great profit for the environment. In more its utilization period over 12 years cause a drop in its annual impact. At the same time, the scenario of 2 cycles of 5 years with remanufacturing of 7 modules in France has a performance very similar to the precedent. That is explained owing to the fact that the more one module lasts a long time in a cycle, the more it will be powerful for the environment.
Erreur ! Référence non valide pour un signet. summarizes the results of the 72 scenarios (9 scenarios of remanufacturing*4 Multiples Life cycle*2 Location for remanufacturing center). The remanufacturing is more powerful when it is carried out locally (France). When the center of remanufacturing is localized in France logistic flows are less impacting. The scenarios of remanufacturing are then compared with corresponding scenario WEEE. For 3 life cycles of 3 years and a remanufacturing center localized in France allows a profit of 44.4% compared to equivalent scenario WEEE. 
Economical assessment
The cost of each scenario is composed of the costs of the four following stages: stage of collection, sorting in Le Lude, treatment and recycling. The costs of the first two stages are constant because they are independent of the number of the modules with remanufacturer. The variation of the costs for the stage of treatment is mainly related to time spent to extract and treat each module. 
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It is noticed that the cost of scenario 0 (WEEE) is lowest of all the scenarios because the machine does not undergo any treatment Lude. On the other hand, the scenario of remanufacturing 7 has the cost highest but it allows in against part recovery of a big number of modules strong added value and which can lead a second life cycle. One can conclude from that the comparison of the various scenarios should not be restricted with the phase of end-of-life but it must be led from the point of view of life cycle. The economic benefit compared to scenario WEEE lies between 25 and 35% ( Figure 12 ).
Synthesis of economic & environmental simulation results
Among the 72 scenarios, we retained the scenarios corresponding to 2 5 years cycles with remanufacturing in France (they allow the best environmental performances according to the Figure 10 ). The 9 scenarios are treated on a hierarchical basis according to the environmental and economic profits compared to the scenario of reference WEEE. The scenarios of remanufacturing 6 and 7 are the powerful ones on the two criteria. In these two scenarios the number of modules re-used is largest. The other remarkable point
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relates to the scenarios 8 and 9, which integrate electronic modules, they are very good environmentally but their low costs of manufacture do not allow strong economic gains.
Conclusion
The state of the art on the DfX approaches supplies to the eco-designer solutions to improve the product. For example by adopting a modular architecture, by designing the product so as to return the components modules most easily extractable and by gathering the modules having identical end-of-life it is possible to optimize recycling and to re-use certain components modules. However the literature gives an outline of the operations necessary to the remanufacturing and logistic flows but it do not make it possible to emphasize the potentialities of the remanufacturing because of difficulty in apprehending the multiple products with life cycle. This difficulty can be explained by not taken into account of the methods of eco-design and the management of the RSC simultaneously. The study suggested in this article is pressed on a product whose diagram of distribution in France is the hiring. This product is recovered at the end of the contract and given in state. The exploratory field offered by this company enabled us to carry out evaluations economic and environmental complete system: Product and logistic structure. This experimentation enabled us to develop an economic model and an environmental model for products with multiple life cycles. From this model of simulations were realized. The simulations treated in this article give an account of the influence of the parameters: many remanufactured modules, many life cycles and duration of each cycle and geographical location of the center of remanufacturing. While taking into account simultaneously the characteristics of the product and logistic flows we managed to consider the economic gains and environmental for a mechatronic product on several life cycles. This case study carried out on franking machines associated with the state of the art of the DfX approaches highlights various dimensions of the problem of remanufacturing. All these elements reveal the need for placing at the disposal of the team of design, a method of assistance to the design of new concepts of systems remanufacturables.
